Background: Despite evidence of high activity, the number of surgical procedures performed in UK hospitals, their cost and subsequent mortality remain unclear. Methods: Time-trend ecological study using hospital episode data from England, Scotland, Wales and Northern Ireland. The primary outcome was the number of in-hospital procedures, grouped using three increasingly specific categories of surgery. Secondary outcomes were all-cause mortality, length of hospital stay and healthcare costs according to standard National Health Service tariffs. Approximately 62.8% of all procedures were day cases. Median length of stay for in-patient procedures was 1.7 (1.3-2.0) days. The total cost of surgery over the 5 yr period was £54.6 billion ($104.4 billion), representing an average annual cost of £10.9 billion (inclusive), £9.5 billion (intermediate) and £5.6 billion (restrictive). For each category, the number of procedures increased each year, while mortality decreased. One-third of all mortalities in national death registers occurred within 90 days of a procedure (inclusive category). Conclusions: The number of surgical procedures in the UK varies widely according to definition. The number of procedures is slowly increasing whilst the number of deaths is decreasing.
Despite advances in pharmacological therapies, the worldwide use of surgical treatments is thought to be increasing. 1 2 Due to the large volumes of activity, patient outcomes after surgery are a growing public health concern and an important focus of health research and policy. [3] [4] [5] [6] [7] [8] However, initiatives to improve the quality of surgical care and subsequent patient outcomes have been hampered by the paucity of reliable audit data.
Compared with diseases such as cancer and myocardial infarction, few countries regularly collate data describing the total number of surgical procedures, the associated mortality or healthcare costs. This limited understanding represents a key barrier to improving the safety and effectiveness of surgical treatments, and the planning of future service requirements. Crude global estimates suggest 312 million major surgical procedures were performed in 2012, an increase of one-third over eight years. 1 However, these worldwide statistics may not be accurate at the individual country level. In England, published estimates of the total volume of surgery using healthcare registry data vary almost 10-fold from 1.6 to 11 million procedures each year. 7 9 10 Meanwhile, the results of a prospective national census suggest 3 million anaesthetics are administered every year for surgery. 11 Importantly, without consensus on the overall denominator of surgical procedures performed, postoperative mortality rates and healthcare costs remain impossible to calculate. This uncertainty is primarily due to wide variations in the definition of surgery used, making comparison difficult. A number of high volume procedures may be categorized very differently. Important examples include pacemaker insertion, endoscopy and interventional radiology procedures. There is a need for accurate data describing surgical activity, outcomes and cost in order to facilitate healthcare research, policy and delivery. We used National Health Service (NHS) registry data to estimate the annual number of surgical procedures in the UK. We used three alternative categorizations of surgery to demonstrate the effect of different definitions on estimates of surgical volume. Our secondary aims were to describe the all-cause mortality, length of hospital stay and healthcare costs associated with surgical treatments in each category, and the effect of alternative categorizations of surgery on these measures.
Methods

Study design
This was a time-trend ecological study using summary nationallevel hospital episode data for the NHS in England, Scotland Table S1 ). The study was subject to institutional review, and was sponsored by Queen Mary University of London. Research ethics approval was not required as the study did not involve analysis of individual patient data. 12 
Data sources
Public bodies in each of the UK nations generate annual anonymous national summary data for utilization of hospital services, including the number of hospital procedures, which are publically available on their web sites. All episodes in these summary data are either: NHS funded and provided; NHS funded and privately provided; or privately funded and NHS provided. NHS Digital (formerly the Health and Social Care Information Centre) for England, NHS Wales Information Service for Wales and the Information Services Division Scotland for Scotland are able to link patient-level data to Office for National Statistics (ONS) records on request and subsequently provide anonymous national-level summary mortality data grouped by hospital procedure. The Department of Health, Social Services and Public Safety for Northern Ireland is unable to provide ONS-linked mortality data. The median length of hospital stay for each episode of hospital care associated with a procedure was only available for England, Wales and Northern Ireland.
Hospital procedures are identified by staff at respective hospitals who assign an Office of Population Censuses and Surveys version 4 (OPCS4) code prior to entering the procedure into the dataset. Two very similar versions of OPCS4 codes (v4. 6, 2009-11 and v4.7, 2011-4) , were manually checked for compatibility and transcription errors prior to analysis. Data were managed using Microsoft Excel (Seattle, WA, USA).
Categories of surgery
All OPCS4 codes for hospital procedures were reviewed. We removed codes that were clearly not surgical in nature (e.g. radiotherapy, diagnostic imaging or oxygen therapy), and stratified the remaining codes according to three increasingly strict categories. The first 'inclusive' category comprised procedures that might be considered surgery, including minor surgery, interventional radiology procedures and diagnostic endoscopies, but excluding non-invasive diagnostic procedures (e.g. diagnostic imaging). The second 'intermediate' category included procedures routinely undertaken in an operating theatre and/or under general or regional anaesthesia. The third 'restrictive' category included major procedures that due to duration or complexity may often result in tissue injury. Three investigators (T.E.F.A., A.J.F., T.D.D.) independently reviewed all the OPCS4 codes and categorized them according to each category. Where unanimous agreement was not reached, a second round of independent review was carried out. Where agreement was not reached after two rounds, each code was discussed and referred to the senior investigator (R.M.P.) for final decision on inclusion.
Number of surgical procedures
We calculated the total number of procedures occurring in each country over the 5 yr period by summing the number of all procedures included in the respective categories. As data were not available for Northern Ireland before 2012, we imputed the Editor's key points
• Cost and other indicators of efficiency of healthcare are needed to better inform health policy and clinician decision-making • Definitions of 'surgery' and anaesthetic episodes vary widely; these greatly affect the denominator of any estimates of healthcare efficiency.
• In the UK, as with most western countries, approximately one in ten people undergo a surgical procedure each year.
• On average, postoperative mortality is decreasing each year.
number of procedures in Northern Ireland for the years 2009-11 using data from 2012 to 2013 to provide estimates of the total frequency and cost of surgery for the UK overall.
Mortality
We calculated the total number of deaths within 30, 60 and 90 days after procedures for each category in England, Scotland and Wales. We presented deaths as a proportion of procedures and as a proportion of total national deaths.
Length of hospital stay and day-case procedures
The national summary data tables include median hospital length of stay for each OPSC4 code, calculated by subtracting the date of admission from the date of discharge. This excludes admissions with zero days length of stay (i.e. day-case procedures). The total number of day-case admissions for each OPCS4 code is also listed. We calculated the total median hospital length of stay and summarized the total number of day-case admissions for each category of surgery.
Cost
To estimate the total cost of hospital procedures, we applied the NHS Payment by Results (PbR) tariff to the estimates of the number of procedures. As tariff is indexed using Healthcare Resource Groups (HRG), OPCS4 codes were matched to HRG, first by taking the commonest (mode) HRG for a given OPCS4 code and then by the most appropriate HRG where a modal match was not possible (A.J.F.). Matching was independently checked by a second investigator (T.E.F.A.). HRG groups without complication codes were selected to provide a conservative estimate of cost. We multiplied the tariff for each HRG by the number of hospital episodes to estimate the hospital cost of procedures, presented in Pounds Sterling (£) and US Dollars ($) according to the Bank of England conversion rate on March 31, 2014.
Statistical analysis
We used SPSS version 22 (IBM, New York, NY, USA) to analyse the data. Categorical variables were presented as frequency (%). Continuous variables were presented as mean (SD) for normally distributed data and median [inter-quartile range (IQR)] for nonnormally distributed data. Length of hospital stay, which does not follow a normal distribution, was presented as median (IQR). 13 Missing data were handled by list-wise deletion.
Sensitivity analyses
Firstly, in order to contextualize our categories of surgery, we repeated our analysis by categorizing our dataset using an alternative classification of surgery. 14 We matched OPCS4 codes into the following categories: minor, intermediate, major, major plus, and complex major using previously published methods. 14 15 We repeated the calculation of number of procedures, mortality, length of hospital stay and cost according to this alternative classification. Secondly, in order to evaluate the effect of missing mortality data for Northern Ireland, we estimated the annual total number of post-procedure deaths for the whole UK, including Northern Ireland. We multiplied the average annual procedure mortality for England, Scotland and Wales by the number of procedures for the whole UK (including Northern Ireland Fig. S1 and Tables S2-S5 ).
There was a high rate of reviewer agreement, and only 2.9% (82/ 2779) were referred for review by a senior author (R.M.P.) for arbitration on inclusion. OPCS4 codes are made up of three characters and we provide these in parentheses following the name of the code below. 16 17 We present the frequency of hospital procedures performed in the UK per 100 000 population in the Supplementary data, Table S6 . The total number of all procedures increased by 5.3% over the 5 yr period (inclusive category), by 4.2% using the intermediate category and by 6.5% using the restrictive category (Table 1) . We present the 10 most common procedures over the 5 yr study period for each category in Table 2 . Four of the most common procedures in the inclusive category were endoscopic, accounting for 7.8 million procedures (19.7%) over five years.
Number of surgical procedures
Mortality
Over five years, the mean 30-, 60-and 90-day post-procedure mortality rates in England, Scotland and (Table 3 ). There was a consistent decrease in 30 day postoperative mortality (restrictive category), from 1.7% in 2009-10 to 1.3% in 2013-4 (Table 3) . Similarly, the 90 day mortality rate decreased from 3.1% in 2009-10 to 2.5% in 2013-4 (Table 3 and Fig. 2 ). We present the 10 procedures with the highest crude 30 day mortality rate over five years for each category in the Supplementary data, 
Sensitivity analysis
We matched OPCS4 codes to British United Provident Association (BUPA) codes using a previously published method. 15 We were unable to match 371 codes. There were 171 minor procedure codes, 219 intermediate, 272 major, 108 major plus and 159 complex major. We applied BUPA codes to the national NHS dataset. Using this classification there were a total of 7 520 256 procedures and 85 419 (1.2%) deaths within 30 days of a procedure per year. The average median length of stay was 2.8 days and average total cost was £9 800 407 961 per year ( 
Discussion
The principal finding of this study was that surgery accounts for more than 39 million individual patient episodes in the UK over five years and the annual number of procedures is increasing year on year. The number of procedures is dependent on the definition used, ranging from 7.9 million per year for the most inclusive category to 1.5 million per year for the most restrictive. This is less than the largest previous estimates of national surgical volume. 9 10 Equivalent to one-in-10 members of the UK population undergo a surgical procedure every year, and equivalent to one-third of all UK deaths occur within the three months following a hospital procedure. 16 Post-procedure mortality rates appear to be decreasing year on year; however, this still represents almost nine-hundred-thousand deaths over five years. We are unable to say whether these deaths are attributable to surgery or if they are preventable because these data represent all-cause mortality. However, it raises questions about whether there are opportunities to intervene in the perioperative care pathway to further patient benefit, and to what degree life expectancy influences the decision of doctors and patients to proceed with invasive procedures. Given the high procedure volume, total annual cost of surgery (£11 billion) accounts for a substantial portion (9.4%) of the total NHS budget (£117 billion for 2013-4). [19] [20] [21] [22] This estimate does not include spending on associated outpatient appointments, investigations or treatment for post-procedure complications. This is the first investigation, of which we are aware, to estimate the total number of surgical procedures across all four nations of the UK. Our findings are consistent with previous reports, which suggest that between 1.6 and 11 million procedures are performed in England each year. 7 9 10 However, these studies were probably targeted at different patient populations (e.g. the estimate of 1.6 million procedures was likely focused on major surgery according to our restrictive category). 7 Three million general anaesthetics were administered during the National Audit Project-4 (NAP-4) audit of airway management and this would account for around two-thirds of the intermediate category, which included procedures typically performed under regional or general anaesthesia. 11 Similarly, accepted global estimates of the frequency of surgery suggest that in high-income countries over 11 000 procedures are performed annually per 100 000 head of population. 1 2 When considered in the context of our data, many procedures included in these estimates may not be considered as surgery by many clinicians. The term 'surgery' may mean very different things to different stakeholders, such as clinicians, researchers, policy makers and patients. The absence of a standard vocabulary is unhelpful and promotes confusion. There may be international differences in what is considered 'surgery' (e.g. in some countries, regional analgesia for non-instrumental delivery during childbirth would be considered a surgical procedure whereas in other countries it would not). We did not include non-instrumental delivery in any category. Our estimates of procedural mortality are consistent with previous estimates (0.5-4.0%) and are likely to be among the most accurate estimates of postoperative mortality in the UK. 7 8 23-25 The mortality rate for laparotomies was 19%, which is consistent with other observations for this patient group. [26] [27] [28] [29] [30] We identified a consistent decreasing trend in mortality rates over five years. However, it is unclear whether this represents a true reduction in mortality, because of improved patient care and perioperative risk assessment, or whether this is a statistical artefact of an increased number of low-risk procedures (denominator). 31 32 The magnitude of the difference between 30 day and 90 day mortality rates is striking, suggesting much greater emphasis should be placed on 90 day postoperative mortality as a clinical outcome measure. The median length of hospital stay (restrictive category) was 3.8 days, with a reducing trend over five years. We were unable to investigate the influence of complications on hospital length of stay in this study. This study has several strengths. We used summary data for all hospital procedures undertaken by NHS providers across the UK. Therefore, our results represent the majority of surgery undertaken nationally over the 5 yr period of interest, which makes these data generalizable to the entire UK population. In contrast to previous reports using similar source data, we adopted three transparent consensus categories of surgery to reflect the variety of opinions regarding what constitutes surgery. Our categories of surgery are available in the Supplementary data (Tables S2-S5 ) and we hope others will expand on this work. The mortality data were generated through linkage to the ONS death register. Therefore, the mortality rates represent all deaths in the UK within the allotted time period, not just in-hospital mortality, which has been a key limitation of previous epidemiological studies. 8 24 This study also has several limitations. This was an ecological study using group-level data. We were not able to undertake patient-level multivariable statistical modelling or risk adjustment. 33 34 Hospital episode data rely on clinicians and coders at each hospital to record details about individual patient admissions. The accuracy and completeness of data coding, as well as clinical care, is likely to vary between hospitals and between individuals at each hospital, which may introduce information bias. 35 36 There is a possibility that a patient who had multiple admissions for procedures and died may be double counted in the mortality estimate. Where multiple procedures occur in one admission, the hospital episode is coded according to the predominant procedure, so this analysis may underestimate the total number of procedures. The source data represent all hospital procedures provided or funded through the NHS, but does not include procedures provided and paid for privately. We approached private providers in order to estimate the volume of private surgery in the UK, but this was unsuccessful. We prospectively created three categories of surgery and categorized OPCS4 codes by consensus. This is inherently subjective and not all clinicians or researchers will agree with our interpretation. Restrictions regarding public availability of hospital episode data in Northern Ireland mean that the primary analysis did not include data from Northern Ireland before 2012 and the mortality analysis did not include deaths in Northern Ireland. However, we do not believe this has a significant effect on the generalizability of the results to the UK population. Cost data were generated by linking OPCS4 codes to the commonest (modal) HRG code for that procedure and multiplying these by the PbR tariff. Standard methodology for health economic analysis uses PbR tariff. 37 However, tariff represents the payment to the provider (hospital), which is not necessarily the same as the actual cost. 38 Payments to hospitals can be increased through the use of postoperative complications codes and through national or local adjustment of tariff. 39 We did not attempt to attribute an excess cost to patients with complications codes, and our approach therefore provides a conservative estimate of income to hospitals for care provided. Finally, we presented the mortality data as crude (unadjusted) incidence rates because we did not have access to mortality data stratified by age in order to perform age standardization. As it was not our intention to make comparisons between countries, or make inferences regarding exposures that might influence postoperative mortality, we do not think this influences our interpretation.
Conclusions
A very large number of hospital procedures are performed in the UK every year, representing a significant proportion of NHS activity, expenditure and mortality. However, the total number of procedures is sensitive to the definition of surgery used. Universal and clinically relevant definitions of surgery are required for coordinated research, healthcare policy and planning. Further research is needed to better understand the population undergoing major surgery, who are the primary focus of perioperative medicine, and procedures undertaken in the last year of life.
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